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ୈ1ষ ͸͡Ίʹ
1.1 ຊݚڀͷഎܠ
ۙ೥ɼTVνϟϯωϧ਺ͷ૿Ճʹ൐͍ɼϢʔβʔ͕ࢹௌͰ͖Δίϯςϯ
π΋ӹʑଟ༷Խʹͳ͖͓ͬͯͯΓɼ๲େͳίϯςϯπ͔Βڵຯͷ͋Δγʔ
ϯΛࣗಈతʹநग़͢Δٕज़͕ڧ͘๬·Ε͍ͯΔ.
͜ͷΑ͏ͳڵຯͷ͋ΔγʔϯΛࣗಈతʹநग़͢Δݚڀࣄྫͱͯ͠ɼ
MPEG2σʔλʹؚ·ΕΔ֤छѹॖූ߸ԽύϥϝʔλΛಛ௃ྔͱͯ͠ɼHD
ʢߴը࣭ʣαοΧʔө૾͔ΒͷϋΠϥΠτγʔϯΛݕग़͢Δݚڀ [1]΍ɼѹ
ॖූ߸Խύϥϝʔλ͓͚ΔBBPͱ͍͏ϐΫνϟྻͰͷʮॱํ޲༧ଌˠٯ
ํ޲༧ଌˠϑϨʔϜ಺ූ߸Խʯͱ͍͏มભΛ͍ͯ͠ΔϚΫϩϒϩοΫʹ
ΑΔҠಈମྖҬͷਪఆΛ༻͍ͨ౤ٿಈ࡞ͷ൑ఆͱಈ͖ϕΫτϧʹΑΔΧ
ϝϥΞϯάϧͷ൑ఆΛར༻ͯ͠ɼSDʢඪ४ը࣭ʣ໺ٿө૾͔Β౤ٿγʔ
ϯͷ൑ఆΛ͢Δݚڀ [2]͕͋Δɽ͔͠͠ɼ͜ΕΒͷݚڀͰ͸ɼݕࡧର৅͸
ݕग़͍ͨ͠γʔϯ͕ग़Δࡍʹɼը໘্ʹಛఆͷύʔλϯ͕͋Δεϙʔπ
ө૾Ͱ͋Δɽྫ͑͹ɼαοΧʔө૾ʹ͓͚Δΰʔϧ෇ۙͷγʔϯͰ͸ϖ
φϧςΟΤϦΞͷϥΠϯ͕ग़Δͱ͍͏ύʔλϯ΍ɼ໺ٿө૾ͷ౤ٿγʔ
ϯͰ͸ัखͱଧऀͷ਎ମͷେ෦෼͸౤ٿγʔϯͷը໘ʹ͓͍ͯը໘ͷӈ
্ʹҐஔ͠ɼ౤ख͸ը໘ͷࠨ൒෼ʹࣸΓɼମͷେ෦෼͸ͦͷԼ൒෼ʹࣸ
Δͱ͍͏ύʔλϯ͕͋Δɽ
ຊݚڀͰ͸ɼ༷ʑͳίϯςϯπͷத͔ΒɼಛʹԻָϥΠϒ൪૊ʹ͓͍
ͯɼՎख͕Վ͍ͳ͕Βߦ͏ಛఆͷμϯεγʔϯͷࣗಈநग़ʹண໨ͨ͠ɽ
μϯεγʔϯ͸ಉҰάϧʔϓʹΑΔಉ͡ৼΓ෇͚Ͱ͋ͬͯ΋ɼ൪૊͝ͱ
ʹ༷ʑͳΧϝϥΞϯάϧͰࡱӨ͞ΕΔ͜ͱ͕ଟ͘ɼϑΝϯʹͱͬͯ͸ͲΕ
΋ݟಀͨ͘͠ͳ͍͚ͩͰͳ͘ɼैདྷͷإݕग़ͳͲͷϏσΦॲཧٕ๏Λద
༻ͯ͠΋μϯεγʔϯΛಛ௃͚ͮΔ͜ͱ͸ࠔ೉Ͱ͋Δ.
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1.2 ຊݚڀͷ໨త
ຊݚڀͰ͸ɼѹॖಈըͷූ߸ԽύϥϝʔλΛಛ௃ྔͱ͠ɼ෮߸ԽΛͤͣ
ʹΑΓૉૣ͘HDԻָϥΠϒ൪૊͔Βμϯεγʔϯͷݕग़ͱɼݕग़͞Εͨ
μϯεγʔϯ͔ΒಈըݕࡧΩʔʹΑΔಛఆμϯεγʔϯͷݕࡧΛ໨ࢦ͢ɽ
ͦ͜ͰຊݚڀͰ͸ɼฏ׈Խ z-είΞΞϧΰϦζϜͱɼBSplineۂઢΛ૊Έ
߹ΘͤΔ͜ͱʹΑͬͯɼԻָϥΠϒ൪૊ʹ͓͚Δμϯεγʔϯͷݕग़ख
๏ΛఏҊ͢Δɽ͞Βʹɼจݙ [3]ͷఏҊख๏Ͱ͋Δѹॖූ߸Խύϥϝʔλ
ͷ 16× 8ըૉ౳ͷϚΫϩϒϩοΫͷग़ݱՕॴͱɼಈ͖ϕΫτϧͷ৘ใͷར
༻ʹΑΓɼಈ࡞ྖҬʹ͓͚ΔͦΕΒͷग़ݱύλʔϯ͕ಛ௃ྔͱͯ͠ಛఆ
ಈ࡞Λநग़͢Δख๏ʹج͍ͮͯɼطଘͷμϯεγʔϯͷઌ಄ͷ 100 ∼ 500
ຕͷϑϨʔϜ͔ΒͳΔಈըΫϦοϓʢ3ඵ ∼ 16ඵͷಈըʣΛݕࡧΩʔͱ͢
Δ͜ͱʹΑͬͯɼԻָTV൪૊ʹ͓͚ΔಛఆμϯεγʔϯͷݕࡧΛߦ͏ɽ
1.3 ຊ࿦จͷߏ੒
ຊ࿦จͷߏ੒͸ҎԼͷ௨ΓͰ͋Δɽ·ͣ̎ষͰ͸ɼූ߸Խύϥϝʔλ
Λར༻ͨ͠ө૾ղੳͱɼԻָ൪૊ͷγʔϯղੳʹؔ͢ΔઌߦݚڀΛ঺հ
͢Δɽ̏ষͰ͸ɼූ߸ԽύϥϝʔλͱԻָTV൪૊ʹ͓͚Δಛఆμϯε
γʔϯͷݕࡧΛߦ͏γεςϜͷ֓ཁʹ͍ͭͯड़΂Δɽ4ষͰ͸ɼैདྷख
๏ͱఏҊख๏ʹΑΔμϯεγʔϯͷݕग़ΞϧΰϦζϜɼ࣮ݧɼ݁Ռɼߟ
࡯ɼൺֱɼఏҊख๏ʹؔ͢Δվળํ๏͓Αͼݕग़͞Εͨμϯεγʔϯͷ
࢝఺ͱऴ఺ͷਫ਼౓ʹ͍ͭͯड़΂Δɽ̑ষͰ͸ɼఏҊख๏ʹΑΔಛఆμϯ
εγʔϯͷݕࡧखॱɼ࣮ݧɼ݁Ռ͓Αͼߟ࡯ʹ͍ͭͯड़΂Δɽ࠷ޙʹɼ6
ষͰ͸ɼ͜Ε·Ͱͷ݁Ռͱࠓޙͷ՝୊ʹ͍ͭͯ·ͱΊΔɽ
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ୈ2ষ ؔ࿈ݚڀ
ຊষͰ͸͜Ε·Ͱͷූ߸ԽύϥϝʔλΛར༻ͨ͠ө૾ղੳͱɼԻָ൪
૊ͷγʔϯղੳʹؔ͢Δݚڀʹ͍ͭͯ঺հ͢Δɽ2.1અʹ͓͍ͯූ߸Խ
ύϥϝʔλΛར༻ͨ͠ө૾ղੳͷઌߦݚڀʹ͍ͭͯड़΂Δɽ࣍ʹɼ2.2અ
ʹ͓͍ͯը૾ͱԻڹಛ௃ʹΑΔԻָ൪૊ͷγʔϯղੳΛߦͬͨઌߦݚڀ
ʹ͍ͭͯड़΂Δɽ࠷ޙɼ2.3અʹ͓͍ͯಈըΫϦοϓΛݕࡧΩʔͱ͢Δѹ
ॖಈըݕࡧΛߦͬͨઌߦݚڀʹ͍ͭͯड़΂Δɽ
2.1 ූ߸ԽύϥϝʔλΛར༻ͨ͠ө૾ղੳ
จݙ [4]Ͱ͸MPEG-2ͷಈըʹ͓͍ͯɼූ߸ԽύϥϝʔλͷதͰ΋ 16× 8
ըૉͷϚΫϩϒϩοΫʢҎԼ 16× 8MBʣ͕ҠಈମͷڥքྖҬʹूதͯ͠ൃ
ੜ͢Δ͜ͱ΍ɼը໘ͷಈ͖ͷܹ͍͠෦෼ʹൃੜ͢Δ͜ͱΛࣔ͠ɼͦΕΛ
Λར༻ͯ͠Ҡಈମͷݕ஌ͱ௥੻Λߦ͍ͬͯΔɽਤ 2.1ʹҠಈମΛࣸΔγʔ
ϯʹ͓͍ͯ 16× 8MBΛදࣔͨ͠ը໘Λࣔ͢.
ਤ 2.1: ҠಈମΛࣸΔγʔϯʹ͓͚Δ 16× 8MBʢ྘৭ͰృΒΕͨͱ͜Ζʣ
ͷ෼෍ɼจݙ [4]ͷਤ 3.1͔ΒҾ༻
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·ͨɼจݙ [1]Ͱ͸ɼ16× 8MB਺Λ༻͍ͯɼMPEG2ܗࣜͷHDαοΧʔө
૾ʹ͓͚ΔUp/Longγϣοτͷ൑ผΛߦ͍ͬͯΔɽLongγϣοτͰ͸ɼબ
खͷ͕࢟ը໘αΠζʹൺ΂ͯখ͘͞ɼಈ͖΄ͱΜͲ͕ΧϝϥϫʔΫʹى
Ҽ͍ͯ͠ΔͨΊɼ16× 8MBͷൃੜ਺͕গͳ͘ͳΔ܏޲ʹ͋ΔɽҰํɼUp
γϣοτͰ͸ɼબख͕େ͖͘ө͍ͬͯΔͨΊɼLongγϣοτͱൺֱ͢Δͱ
ಈ͖ϕΫτϧͷൃੜස౓͸େ͖͘ͳΓɼ16× 8MB਺΋૿͑Δ܏޲ʹ͋Δ
͜ͱ͕ࣔ͞Ε͍ͯΔɽਤ 2.2ʹUp/Longγϣοτʹ͓͍ͯ 16× 8MBΛදࣔ
ͨ͠ը໘Λࣔ͢ɽ
ਤ 2.2: Up(ӈ)/Long(ࠨ)γϣοτʹ͓͚Δ 16 × 8MBʢ੺৭ͰృΒΕͨͱ͜
Ζʣͷ෼෍ɼจݙ [1]ͷਤ 6.4͔ΒҾ༻
ຊݚڀͰ͸ɼ͜ΕΒͷઌߦݚڀ݁Ռʹج͖ͮɼ্ड़ͨ͠ 16× 8MBͷൃ
ੜස౓ɼͱ͘ʹͦͷ࣌ؒมಈ͕ٸܹʹ্ঢɼԼ޲͢Δ࣌఺ʹண໨ͯ͠ɼ
ԻָTV൪૊ʹ͓͚ΔμϯεγʔϯΛݕग़͢Δํ๏ΛఏҊ͢Δɽ
2.2 Իָ൪૊ͷγʔϯղੳ
Իָ൪૊ͷγʔϯղੳʹؔͯ͠͸ɼإೝࣝख๏ʹΑΓग़ԋऀมԽͷݕ
ग़ͱɼԻڹ৴߸͕ଐ͢ΔΦʔσΟΦΫϥεͷؼଐ֬཰ʹΑΓແԻɺԻָɺ
Ի੠ɺࡶԻͷ෼ྨΛ༻͍ͯԻָ൪૊ʹ͓͚Δ࢘ձγʔϯͱՎএγʔϯͷ
෼ׂΛߦͬͨݚڀ [5]΍ɼإೝࣝख๏ʹجͮ͘ޱͷಈ͖ݕग़ख๏ͱɼՎ੠
۠ؒͱඇՎ੠۠ؒͷঢ়ଶΛߦ͖དྷ͢ΔӅΕϚϧίϑϞσϧʹΑָͬͯۂ
Λදݱ͢Δ͜ͱͰࠞ߹ԻதͷՎ੠۠ؒΛਪఆ͢Δख๏Λ૊Έ߹ΘͤΔ͜
ͱʹΑͬͯՎএγʔϯݕग़Λ͢Δݚڀ [6]͕ใࠂ͞ΕΔɽ
͔͠͠ɼը૾ͱԻڹಛ௃ͷΈͰ͸ɼग़ԋऀͷ͔Βͩશମͷಈ͖Λ೺Ѳ
Ͱ͖ͳ͍ͨΊɼݕग़͞ΕͨՎএγʔϯʹμϯεύϑΥʔϚϯεؚ͕·Ε
͍ͯΔ͔Ͳ͏͔·ͰΛ൑அ͢Δ͜ͱ͸Ͱ͖ͳ͍ɽ
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2.3 ಈըΫϦοϓΛݕࡧΩʔͱ͢Δѹॖಈըݕࡧ
ಈըΫϦοϓΛݕࡧΩʔͱ͢Δѹॖಈըݕࡧʹؔͯ͠͸ɼจݙ [3]Ͱ͸ɼ
H.264/AVCܗࣜͷಈը͔Βූ߸ԽύϥϝʔλͰ͋ΔՄมϚΫϩϒϩοΫ
(16× 8MBɼ8× 16MBɼ8× 8MB)ͱಈ͖ϕΫτϧͷ৘ใʹΑͬͯಈ࡞ྖҬΛ
ಛఆ͠ɼͦͷྖҬΛ 3DϞσϧιϑτͰ 3࣍ݩ্ۭؒʹϑϨʔϜ͝ͱʹΦ
ϒδΣΫτΛઃஔͯ͠ 3DϞσϧͱͯ͠දݱ͠ɼͦͷॏ৺ΛϑϨʔϜ͝ͱ
ʹܨ͙͜ͱͰಈ࡞ͷۭ࣌ؒతͳมҠΛ 3Dॏ৺ۂઢͱͯ͠දݱͨ͠ɽݕ
ࡧΩʔಈըͱݕࡧର৅ͦΕͧΕ͔ΒಘΒΕͨ 3Dॏ৺ۂઢΛϚονϯά͢
Δ͜ͱΑͬͯಈ࡞ͷݕࡧΛߦ͍ͬͯΔɽ
ਤ 2.3ɼਤ 2.4ʹɼH.264/AVCܗࣜͷಈ࡞ಈը͔Β࡞੒ͨ͠ 3DϞσϧͱ 3D
ॏ৺ۂઢͷྫΛࣔ͢ɽ
ਤ 2.3: 3DϞσϧͷྫɼจݙ [3]ͷਤ 3.4͔ΒҾ༻
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ਤ 2.4: 3Dॏ৺ۂઢͷྫɼจݙ [3]ͷਤ 3.9͔ΒҾ༻
ਤ 2.3ʹ͓͍ͯɼཱํମ͸ɼ੨৭͕ 16× 8ɼ੺৭͕ 8× 16ɼ྘৭͕ 8× 8ը
ૉͷMBΛද͢ɽ·ͨɼփ৭ͷԁப͸ಈ͖ϕΫτϧΛද͠ɼփ৭ͷཱํମ
͸ಈ͖ϕΫτϧͷ࢝఺࠲ඪΛද͢ɽಈ͖ϕΫτϧͷऴ఺࠲ඪ͸શͯɼ͍
ͣΕ͔ͷMBͷத৺࠲ඪʹରԠ͢Δɽ੺໼ҹ͕ x࠲ඪɼ྘໼ҹ͕ y࠲ඪɼ
੨໼ҹ͕ z࠲ඪʹͦΕͧΕʹରԠ͢Δɽ
ຊݚڀͰ͸ɼಛఆμϯεγʔϯͷݕࡧʹ͍ͭͯɼग़ԋऀ͕ਅਖ਼໘͔Β
өΓɼΧϝϥϫʔΫͷ࢖༻͕গͳ͍܏޲ʹ͋Δ͜ͱʹண໨ͯ͠ɼطଘͷ
μϯεγʔϯͷઌ಄ 6ඵ ∼ 15ඵͷಈըΛݕࡧΩʔͱ͠ɼจݙ [3]ͷఏҊख
๏ʹج͖ͮɼಛఆμϯεγʔϯͷݕࡧΛߦ͏ɽ
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ୈ3ষ ఏҊγεςϜ
ຊষͰ͸ɼຊݚڀͰ࢖༻ͨ͠ූ߸ԽύϥϝʔλͱԻָTV൪૊ʹ͓͚Δ
ಛఆμϯεγʔϯͷݕࡧΛߦ͏γεςϜΛߏ੒͢Δ֓ཁʹ͍ͭͯड़΂Δɽ
3.1 ූ߸Խύϥϝʔλ
MPEG -2ʢ஍্σδλϧ์ૹͷඪ४ن֨Ͱ͋Δූ߸Խ๏ʣͰ͸ 1ඵؒʹ
໿ 30ຕͷϑϨʔϜʢϐΫνϟͱ΋ݴ͏ʣ͕ IɺPɺB ͱ ͍͏ 3 छྨͷϐΫ
νϟʹ෼ྨ͞ΕɼͦΕͧΕͷϐΫνϟʹఆΊΒΕͨ༧ଌූ߸Խ๏ʹΑͬͯ
ߴޮ཰ͳσʔλѹॖ͕࣮ݱ͞Ε͍ͯΔɽද 3.1ʹ IɺPɺB ϐΫνϟʹ͓͍
ͯ࢖༻͍ͯ͠Δ༧ଌූ߸Խ๏ʢʠ˓ʡϚʔΫʣΛࣔ͢ɽ Intraූ߸Խ͸ଞ
ͷϐΫνϟΛࢀߟͤͣɼϐΫνϟ಺ͷ৘ใ͚ͩΛར༻ͨ͠ූ߸ԽͰ͋Δɽ
Intraූ߸ԽʹՃ͑ͯɼPϐΫνϟͰ͸ɼ௚લͷ I/ PϐΫνϟΛར༻ͨ͠ॱ
ํ޲༧ଌූ߸ԽΛߦ͍ɼBϐΫνϟͰ͸, ௚લͱ௚ޙͷ I/ PϐΫνϟΛར༻
ͨ͠ॱํ޲ɺٯํ޲ɺ૒ํ޲༧ଌූ߸ԽΛߦ͍ͬͯΔɽਤ 3.1ɼਤ 3.2ɼਤ
3.3ʹɼѹॖಈըʹ͓͚Δ IɺPɺBͷྫΛࣔ͢ɽ
I P B
Intraූ߸Խ ˓ ˓ ˓
ॱํ޲༧ଌූ߸Խ ˓ ˓
ٯํ޲༧ଌූ߸Խ ˓
૒ํ޲༧ଌූ߸Խ ˓
ද 3.1: IɺPɺB ϐΫνϟʹ͓͍ͯ࢖༻͍ͯ͠Δ༧ଌූ߸Խ๏
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ਤ 3.1: I ਤ 3.2: P ਤ 3.3: B
ਤ 3.1ɼਤ 3.2ɼਤ 3.3ʹ͓͍ͯɼ྘৭ͰృΒΕͨͱ͜Ζ͸ Intraූ߸ԽΛ࢖
༻͍ͯ͠Δ෦෼Ͱ͋Γɼ੺৭ͰృΒΕͨͱ͜Ζ͸ॱํ޲༧ଌූ߸ԽΛ࢖
༻͍ͯ͠Δ෦෼Ͱ͋Γɼ੨৭ͰృΒΕͨ͸ٯํ޲༧ଌූ߸ԽΛ࢖༻ͯ͠
͍Δ෦෼Ͱ͋Γɼԫ৭ͰృΒΕͨ͸૒ํ޲༧ଌූ߸ԽΛ࢖༻͍ͯ͠Δ෦
෼Ͱ͋Δɽ
MEPG-2ͰఆΊΒΕͨ࣌ؒతʹ࿈ͳͬͨϐΫνϟΛҰఆຕ਺·ͱΊΔ୯
ҐͰ͋ΔGOP͸ɼ௨ৗ͸ 15ຕͷϐΫνϟ͔ΒͳΓɼͦͷதʹBϐΫνϟ͸
10ຕؚ·Ε͍ͯΔɽܗࣜ͸ IBBPBBPBBPBBPBBͷΑ͏ʹͳ͍ͬͯΔɽ
·ͨɼ֤ϐΫνϟ͸, ϚΫϩϒϩοΫ (ҎԼ MB) ͱݺ͹ΕΔ୯Ґʹ෼ׂ͞
ΕɼMB ͝ͱʹූ߸Խॲཧ͕ߦΘΕΔɽ͞ΒʹɼMB ͷαΠζʹ͸ 16× 16
ͱ 16× 8 ըૉͷ 2 छྨ͕͋ΓɼͦΕΒͷத͔Βූ߸Խޮ཰͕໬΋ྑ͘ͳ
ΔΑ͏ʹܾఆ͞ΕΔɽ
MPEG-2 Ͱ͸΋͏Ұͭॏཁͳූ߸Խύϥϝʔλͱͯ͠, ಈ͖ϕΫτϧ͕
༻͍ΒΕ͍ͯΔ. ಈ͖ϕΫτϧ͸ɼ͋Δج४ͱͳΔϐΫνϟʢݱը૾ʣ͔
Β΋͏ҰํͷϐΫνϟʢ༧ଌը૾ʣؒͰಛఆͷ෺ମ΍ྖҬҠಈͨ͠ಈ͖
ΛϕΫτϧͰදݱͨ͠৘ใͰ͋Γ, ্ड़ͨ͠༧ଌූ߸ԽͰѹॖޮՌΛߴ
ΊΔͨΊ༻͍ΒΕ͍ͯΔ. ਤ 3.4ʹಈ͖ϕΫτϧΛࣔ͢ɽ
ਤ 3.4: ಈ͖ϕΫτϧɼจݙ [7]ͷਤ 3.2͔ΒҾ༻
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3.2 ఏҊγεςϜͷϑϩʔνϟʔτ
ԻָTV൪૊ʹ͓͚ΔಛఆμϯεγʔϯͷݕࡧγεςϜશମͷϑϩʔ
νϟοτ͸ਤ 3.5ͷΑ͏ʹͳ͍ͬͯΔɽఏҊγεςϜ͸ओʹ̎ͭͷ෦෼͔Β
ͳΔɽୈ 1෦෼ʢਤ 5ʹ੺࿮Ͱғ·ΕΔͱ͜ΖʣͰ͸ɼԻָTV൪૊ө૾͔
Βμϯεγʔϯͷݕग़Λߦ͏ɽୈ 2෦෼ʢਤ 5ʹ੨࿮Ͱғ·ΕΔͱ͜Ζʣ
Ͱ͸ɼԻָ TV൪૊ө૾͔Βʢෳ਺ͷμϯεγʔϯө૾͔ΒʣݕࡧΩʔ
ͱಉ͡μϯεγʔϯʢಛఆμϯεγʔϯʣͷݕࡧΛߦ͏ɽୈ 1෦෼Ͱ͸ɼ
ѹॖූ߸ԽύϥϝʔλΛಛ௃ྔͱ͠ɼฏ׈Խ z-είΞΞϧΰϦζϜͱɼ
BSplineۂઢΛ૊Έ߹ΘͤΔ͜ͱʹΑͬͯԻָTV൪૊ʹ͓͚Δಛఆμϯε
γʔϯͷݕࡧख๏ΛఏҊ͢Δɽ۩ମతͳख๏͓Αͼ࣮ݧ͸ 4ষͰड़΂Δɽ
ୈ 2෦෼Ͱ͸ɼจݙ [3]ͷఏҊख๏ʹج͍ͮͯෳ਺ͷμϯεγʔϯө૾͔Β
ಛఆμϯεγʔϯΛݕࡧͨ͠ɽ۩ମతͳखॱ͓Αͼ࣮ݧ͸ 5ষͰड़΂Δɽ
ਤ 3.5: ఏҊγεςϜͷϑϩʔνϟʔτ
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ୈ4ষ μϯεγʔϯͷݕग़
ຊষͰ͸ɼఏҊγεςϜୈ 1෦෼ͷ࣮ݧʹ͍ͭͯड़΂Δɽ·ͣɼ4.1અ
Ͱ࣮ݧ؀ڥʹ͍ͭͯड़΂Δɽ4.2અͰѹॖಈըʹ͓͚Δμϯεγʔϯͷ
ಛ௃ʹ͍ͭͯड़΂Δɽ4.3અͰैདྷख๏ฏ׈Խ z-είΞΞϧΰϦζϜɼ࣮
ݧɼ݁Ռ͓Αͼߟ࡯ʹ͍ͭͯड़΂Δɽ4.4અͰఏҊख๏ΞϧΰϦζϜɼ࣮
ݧɼ݁Ռɼߟ࡯ɼैདྷख๏ͱͷൺֱʹ͍ͭͯड़΂Δɽ4.5અͰఏҊख๏ͷ
վળʹ͍ͭͯड़΂Δ
4.1 ࣮ݧ؀ڥ
ຊઅͰ͸ɼ࣮ݧΛߦͬͨಈ࡞؀ڥʹ͍ͭͯड़΂Δɽຊݚڀͷશͯͷ࣮ݧ
ʹ͸ɼMac Book ProʢOSɿMac OS 10.13.6ɼCPUप೾਺ɿ2.8 GHzɼϝϞϦɿ16
GBʣΛ༻͍ɼѹॖූ߸Խύϥϝʔλͷऔಘ͸Mplayer[8]ͷ ﬀmpegϥΠϒϥ
Ϧ [9]Λ༻͍ͯߦͬͨɽμϯεγʔϯͷݕग़͓Αͼಛఆμϯεγʔϯͷݕ
ࡧ͸ Python 3.7.2Λ༻͍ͯ࡞੒ͨ͠ϓϩάϥϜ্ͰղੳॲཧΛߦͬͨɽ
4.2 ѹॖಈըʹ͓͚Δμϯεγʔϯͷಛ௃
2.1અͰड़΂ͨ 16× 8MBͷϓϩύςΟʹج͍ͮͯɼຊݚڀͰ͸ɼBϐΫ
νϟʹ͓͍ͯॱํ޲ɺٯํ޲ɺ૒ํ޲༧ଌූ߸ԽΛߦ͍ͬͯΔ 16 × 8MB
ʢҎԼ༧ଌ 16× 8MBʣͷ਺ʹண໨ͨ͠ɽ
·ͣ༧උ࣮ݧͱͯ͠ɼ9 ຊͷԻָ൪૊ө૾ʢ࠶ੜ࣌ؒ͸ 9 ෼∼15 ෼ʣΛ
࢖༻͠, GOP ͝ͱʹ༧ଌ 16× 8MBͷ਺Λௐ΂ͨɽ
࣮ݧʹ༻͍ΔԻָ൪૊ө૾ 9ຊͷ͏ͪɼ3ຊʹ͸গͳ͘ͱ΋ҰͭҎ্ͷ
μϯεγʔϯؚ͕·Ε͍ͯͯɼ࢒Γͷ 6ຊ͸μϯεγʔϯ͸ؚ·Ε͍ͯͳ
͍ɽਤ 4.1(a)͸μϯεγʔϯΛؚΉ͋Δ 1ຊͷө૾ͷ݁ՌͰ͋ΓɼҰํɼμ
ϯεγʔϯͷͳ͍ө૾ͷ݁ՌͷҰྫΛਤ 4.1(b)ʹࣔ͢ɽ྆ਤͱ΋ɼԣ࣠͸
GOP ൪߸Λද͠, ॎ࣠͸༧ଌ 16× 8MB ͷ૯਺Λද͢. ਤ 4.1(a)ʹ͓͍ͯ͸
GOP ൪߸ 153∼486 ͷ۠ؒ (ࠇ࿮Ͱғ·ΕΔ෦෼) ͸μϯεγʔϯͰ͋Δ.
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ਤ 4.1: GOP͝ͱʹ༧ଌ 16× 8MBͷ਺ɽੵΈ্͛๮ʹ͍ͭͯ, ྘ͷ෦෼͸૒
ํ޲༧ଌූ߸Խ 16× 8MB Ͱ͋Γ, ੨ͷ෦෼͸ٯํ޲༧ଌූ߸Խ 16× 8MB
Ͱ͋Γ, ੺ͷ෦෼͸ॱํ޲༧ଌූ߸Խ 16× 8MB Ͱ͋Δ.
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9 ຊͷө૾Λ༻͍ͯಘͨ஌ݟΛ·ͱΊΔͱ, μϯεγʔϯͰ͸ɼ༧ଌ
16× 8MB ͕ൃੜ͠΍͘͢ɺ20000 Ҏ্ͷ਺ͷ 16× 8MB ͕ൃੜͨ͠ GOP ͕
ଟ͍͜ͱͱɼμϯεγʔϯͷ࢝·ΓͱऴΘΓͷGOP൪߸ʹ͓͍ͯɼٸܹ
ͳ 16× 8MB਺ͷมԽ͕ൃੜ͢Δ͜ͱͰ͋Δɽ
4.3 ैདྷख๏
཭ࢄ৴߸ͷϐʔΫݕग़ʹ͍ͭͯ͸ɼաڈͷҰఆͷ௕͞ͷ৴߸ͷฏۉͱ
ඪ४ภࠩʹج͍ͮͯɼݱ࣌఺ͷϐʔΫΛݕग़͢Δฏ׈Խ z-είΞΞϧΰ
ϦζϜ͕ใࠂ͞Ε͍ͯΔ [10][11]ɽಉΞϧΰϦζϜͰ͸ɼҠಈฏۉΛ༻͍ɼ
աڈͷ৴߸Λฏ׈Խ͢ΔͷͰɼ࣍ͷϐʔΫΛݕग़͢Δࡍʹɼݱ࣌఺ͷ
ϐʔΫ͔ΒͷӨڹ͸ఔΑ͘ݮΔ͜ͱ͕ՄೳͰ͋Δͱߟ͑ΒΕΔɽ
4.3.1 ฏ׈Խ z-είΞΞϧΰϦζϜ
ฏ׈Խ z-είΞΞϧΰϦζϜΛ [Algorithm 1]ʹࣔ͢ 10εςοϓ͔ΒͳΔɽ
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Algorithm 1 ฏ׈Խ z-είΞΞϧΰϦζϜ
ೖྗ: σʔλྻY = Y1Y2Y3 . . . Yn
ग़ྗ: ൑ఆ݁ՌO = O1O2O3 . . . On
• ಺෦ม਺ ℓɿεϥΠυ૭ͷ௕͞ʢℓ ≥ 2ʣ
wɿॏΈ܎਺
τɿᮢ஋
1ɽfor i=1, 2, 3ʜ, n, ..., n+ l − 1 do
2ɽ Si = wYi + (1− w) Si−1 (1)
ΛٻΊΔɽ͜͜ͰɼS0 = 0ɽ
3. Ҡಈฏۉ SiΛٻΊΔɽ
Si =
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
1
i
∑i
k=1 Sk 1 ≤ i ≤ l − 1
1
l
∑i
k=i−l+1 Sk l ≤ i ≤ n
1
n−i+l
∑n
k=i−l+1 Sk n+ 1 ≤ i ≤ n+ l − 1
(2)
4ɽ Ҡಈඪ४ภࠩ σiΛٻΊΔɽ
σi =
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
0 1√
1
i−1
∑i
k=1
(
Sk − Si
)2
2 ≤ i ≤ l − 1
√
1
l−1
∑i
k=i−l+1
(
Sk − Si
)2
l ≤ i ≤ n
√
1
n−i+l−1
∑n
k=i−l+1
(
Sk − Si
)2
n+ 1 ≤ i ≤ n+ l − 1
(3)
5ɽend for
6ɽz1 = 0, z2 = 0, O1 = 0, O2 = 0ͱ͓͘
7ɽfor i=3, 4ʜn do
8ɽ Si−1ͱ σi−1Λ༻͍ͯɼYiΛਖ਼نԽ͢Δɽ
zi =
Yi − Si−1
σi−1 (4)
9ɽ ൑ఆ
Oi =
{
1 if |zi| ≥ τ
0 if |zi| < τ (5)
10ɽend for
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4.3.2 ฏ׈Խ z-είΞΛ༻͍ͨμϯεγʔϯݕग़ͷ࣮ݧ͓Α
ͼߟ࡯
ฏ׈Խ z-είΞΞϧΰϦζΛμϯεγʔϯݕग़ʹద༻͢Δʹ͋ͨͬͯɼ
ೖྗσʔλ΍֤ύϥϝʔλΛҎԼͷΑ͏ʹఆΊͨɿ
ೖྗσʔλྻ͸ɼGOP୯ҐͰ·ͱΊͨBϐΫνϟʹ͓͚Δ༧ଌ 16× 8MB
ͷ૯਺ Y = Y1Y2Y3 . . . YnͰ͋Γɼn͸GOP਺Ͱ͋Δɽ͞Βʹɼℓ=30ɼw=0.5
ͱ͓͘ɽಛʹɼᮢ஋ τ ͷܾΊํ͸ɼσʔλʹґଘ͢ΔͷͰɼຊݚڀͰ͸ࣜ
(4)Ͱಘͨσʔλྻ zi ͷྦྷੵ෼෍ؔ਺Λ cdf(t)ͱ͓͖ɼ0.969≤ cdf(t) ≤0.981
Λຬͨ͢ t ͷ۠ؒͷத఺Λᮢ஋ τ ͱఆΊͨɽ࠶ੜ࣌ؒ͸ 9 ෼∼15 ෼Ͱ͋Δ
10ຊͷμϯεγʔϯ͋ΓͷԻָ൪૊ө૾Λ༻͍࣮ͯݧΛߦͬͨɽશͯͷ
ө૾ʹগͳ͘ͱ΋̍ͭҎ্ͷμϯεγʔϯؚ͕·Ε͍ͯΔɽ࣮ݧ݁Ռ͸
ද 4.1ʹࣔ͢ɽද 4.1ʹ͓͍ͯɼμϯεγʔϯͷਖ਼ղʢ࢝఺-ऴ఺ʣ͓Αͼ݁
Ռʢݕग़͞Εͨ࢝఺-ݕग़͞Εͨऴ఺ʣͷ୯Ґ͸GOP൪߸Ͱ͋Δ.
ө૾Noɽ GOP਺ μϯεγʔϯͷਖ਼ղ ݁Ռ ޡࠩʢ϶࢝఺/϶ऴ఺ʣ
1 1200 153-486 159-462 -6/-24
2 1663 398-758 377-762 +21/+4
3 1928
122-424
654-847
848-1042
73-356
x
x
ʴ 49/-68
x
x
4 1829 1232-1554 1250-1623 -18/+69
5 1797 326-646 x x
6 1771 1396-1768 x x
7 1751 16-440 1346-1632 ˎ
8 1879 324-636 342-652 -18/+16
9 1657 336-676 321-600 +15/-76
10 1471 258-682 279-762 -21/+80
ද 4.1: ฏ׈Խ z-είΞΛ༻͍ͨμϯεγʔϯݕग़ͷ݁Ռɽʠ xʡ͸μϯε
γʔϯΛݕग़Ͱ͖ͳ͍͜ͱʢϓϩάϥϜͰग़ྗ͸NULLͰ͋Δ͜ͱɼҎ
Լະݕग़ʣΛද͢.ʠˎʡ͸݁Ռͷޡ͕͔ࠩͳΓେ͖͍͜ͱʢҎԼݕग़֎
ΕʣΛද͢ɽ
ޡࠩʹ͓͚Δʠ϶࢝఺ʡ͸ݕग़͞Εͨ݁Ռͷ࢝఺ͱਖ਼ղͷμϯεγʔϯ
ͷ࢝఺ͷࠩͰ͋Γɼʠʴʡ͸ਖ਼ղͷμϯεγʔϯͷ࢝఺ΑΓલͷGOPͰݕ
ग़͞Εͨ͜ͱΛද͠ɼʠʵʡ͸ਖ਼ղͷμϯεγʔϯͷ࢝఺ΑΓޙͷGOP
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Ͱݕग़͞Εͨ͜ͱΛද͢ɽޡࠩʹ͓͚Δʠ϶ऴ఺ʡ͸ݕग़͞Εͨ݁Ռͷ
ऴ఺ͱਖ਼ղͷμϯεγʔϯͷऴ఺ͷࠩͰ͋Γɼʠʴʡ͸ਖ਼ղͷμϯεγʔ
ϯͷऴ఺ΑΓޙͷGOPͰݕग़͞Εͨ͜ͱΛද͠ɼʠʵʡ͸ਖ਼ղͷμϯε
γʔϯͷऴ఺ΑΓલͷGOPͰݕग़͞Εͨ͜ͱΛද͢ɽ
ද 4.1ΑΓɼฏ׈Խ z-είΞΞϧΰϦζϜΛ༻͍ͨμϯεγʔϯͷݕग़
ख๏Ͱ͸ɼө૾ 3ɺ5ɺ6ʹରͯ͠ະݕग़͕ൃੜ͠ɼө૾ 7ʹରͯ͠ݕग़֎
Ε͕ൃੜͨ͜͠ͱ͕෼͔ͬͨɽ
4.4 ఏҊख๏
ฏ׈Խ z-είΞΞϧΰϦζϜΛ༻͍࣮ͨݧͷ݁ՌΛ౿·͑ͯɼᮢ஋ͷ
τ ͷܾΊํʹΑΔݕग़ਫ਼౓΁ͷӨڹΛݮΒͨ͢Ίɼฏ׈Խ z-είΞΞϧ
ΰϦζϜͷޙ൒Ͱߦ͍ͬͯΔ Yiͷਖ਼نԽͱɼᮢ஋Λ༻͍ͨ൑ผΛߦΘͳ
͍ͰɼҠಈฏۉͷ෦෼ (ࣜ (1) ∼ (2))ͱɼ৽ͨʹBSplineۂઢ [12][13][14]ʹΑ
Δฏ׈ԽΛ૊Έ߹ΘͤΔख๏ΛఏҊ͢Δ.
4.4.1 BSplineۂઢͷఆٛ
BSplineۂઢ͸ɼBSpline܎਺ͱϊοτΑΓఆٛ͞ΕΔ۠෼తଟ߲ࣜͰද͞
ΕͨۂઢͰ͋Δɻ۩ମతͳఆٛ͸ [ఆٛ 1]ʹࣔ͢ɽ఺ྻ (i, Yi) , (i = 1, 2, 3, ..., n)
Λิؒ͢ΔBSplineۂઢ S(x)ΛٻΊΔʹ͸ɼ༩͑ΒΕͨ఺ྻͷ x࠲ඪఆٛ
Ҭ [1, n]͔Βɼ౳ִؒʹબΜͩҰఆ਺ʢҎԼۙࣅ఺਺NBɼNB ∈ Z+ʣͷ x
࠲ඪΛऔಘ͠ɼ֤ x࠲ඪΛ༻͍ͯɼࣜʢ6ʣʹΑͬͯ S(x)ΛٻΊΔɽ࠷ޙ
ʹɼͦΕΒͷ (xɼS(x))͕࠲ඪͱͳΔҰఆ਺ͷ఺Λܨ͛ͯิؒͨ͠ۂઢ͕
BSplineۂઢͰ͋Δɽ
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ఆٛ̍ BSplineۂઢ S(x)
جຊࣜɿS (x) =
∑n
j=1 cjBj,k;t (x) (6)
಺෦ม਺ɿ
ʢiʣBSplineଟ߲ࣜͷ࣍਺ɿk
ʢiiʣBSpline܎਺ɿc = c1c2...cn, n ≥ k + 1ɼ
c͸༩͑ΒΕͨ఺ྻͷ y࠲ඪ஋ʹΑΓٻΊΔɽ
cj =
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
Y1 j = 1
(1− λ)Yj−1 + λYj λ ∈ R, j = 2, 3, ..., n− 1
Yn j = n
(7)
ʢiiiʣϊοτɿt = t1t2...tu, u = n+ k + 1ɼ
t͸༩͑ΒΕͨ఺ྻͷ x࠲ඪͷด۠ؒʹΑΓٻΊΔ.
k=3ͷ৔߹ɼti =
⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩
0 i = 1, 2..., k + 1
i− k i = k + 2, k + 3, ..., n
n− 1 i = n+ 1, n = 2, ..., u
(8)
NOTESɿ
Bi,0(x) =
{
1 if ti ≤ x ≤ ti+1
0 otherwise
(9)
Bi,k (x) =
x− ti
ti+k−tiBi,k−1 (x) +
ti+k+1−x
ti+k+1−ti+1Bi+1,k−1 (x)
(10)
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ਤ 4.2: μϯεγʔϯ͋Γͷө૾ʹ 16× 8MB਺ͷҠಈฏۉંΕઢͱBSpline
ۂઢɽ༧ଌ 16× 8MB ͷ૯਺͸ΦϨϯδઢͰ͋Γɼ16× 8MB૯਺ͷҠಈฏ
ۉંΕઢ͸੺͍ઢͰ͋ΓʢεϥΠυ૭ͷ௕͞ ℓ = 30ʣɼҠಈฏۉંΕઢͷ
BSplineۂઢ͸੨͍ઢͰ͋Δɽk =3, BSpline܎਺ cͷ਺ʹҠಈฏۉͷ௕͞
ʢ1381ʣɼϊοτ tͷ਺=1385ɼۙࣅ఺਺ʢNBʣʹ 50ɽ
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༧උ࣮ݧͷ؍࡯͔Βμϯεγʔϯͷ࢝·ΓͱऴΘΓͷGOP൪߸ʹ͓͍
ͯɼٸܹͳ 16× 8MB਺ͷมԽ͕ൃੜ͢Δ͜ͱ͕෼͔͍ͬͯΔͷͰɼਤ 4.2
ʹ͓͍ͯɼࠇؙ͍ͰϚʔΫ͢Δۃখ஋ʹର͢Δ x࠲ඪʢۃখ఺ͱݺͿʣ͕
μϯεγʔϯͷ࢝఺ͱऴ఺Ͱ͋Δͱߟ͑ΒΕΔɽݩͷ఺ྻʹൺ΂ɼS(x)
্Ͱ͸ۃখ఺ͷ਺͕େ෯ʹݮগͨ͠ɽ
4.4.2 BSplineۂઢʹΑΔμϯεγʔϯݕग़ͷΞϧΰϦζϜ
BSplineۂઢ্ʹ͓͚Δμϯεγʔϯͷ࢝఺ͱऴ఺Ͱ͋ΔՄೳੑ͕ߴ͍
ۃখ఺͸ɼͦΕΒΛݕग़͢ΔͨΊʹɼҎԼΛ༻͍Δɽ
• k=3
• S(x)ͷఆٛҬ্Ͱ౳ִؒʹͱͬͨ x࠲ඪͷू߹ɿ
ξ = {ξ1 , ξ2 , ξ3 , ..., ξn} ,
ξi =
GOP ਺+l−2
n−1 × (i− 1) + 1 (1 ≤ i ≤ n, n = NB) .
• ۃখ఺ͷू߹ɿSmin = {x1 , x2 , x3 , ... xk}ʢ 0 ≤ k ≤ nʣɼSmin ˩ ξ.
•BSplineۂઢ্ͷۃେ஋ʹର͢Δ x࠲ඪΛۃେ఺ͱݺͿɽۃେ఺ͷू߹ɿ
Smax = {x1 , x2 , x3 , ... xm}ʢ 0 ≤ m ≤ nʣɼSmax ˩ ξ.
• ۃ఺ʢۃখ఺ͱۃେ఺ʣͷू߹ɿM = Smin ∪ S max = {x1 , x2 , x3 , ... xk+m}
ʢxi < xi+1, 0 ≤ k +m ≤ nʣɼM ˩ ξɽ
BSplineۂઢʹΑΔμϯεγʔϯݕग़ͷΞϧΰϦζϜ ͸ [Algorithm 2]ʹ
ࣔ͢ɽݕग़खॱʹ͓͍ͯ͸ɼµ1 = 7000, µ2 = 4500ͱ͓͘ɽ
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Algorithm 2 ఏҊΞϧΰϦζϜ
ೖྗ: μϯεγʔϯ͕͋ΔԻָ൪૊ө૾ʹ͓͚Δ༧ଌ 16× 8MBҠಈฏۉ
ͷBSplineۂઢ S (x)
ग़ྗ: ࢝఺ू߹X si , ऴ఺ू߹X ei
1: for i=1, 2, 3ʜk +m do
2: ΋͠ɼxi ∈ Smin, xi+1 xi+2 ∈MͰ͋Γɼ͞Β
ʹɼ2ͭͷ৚݅
1) B (xi) ≤ µ1
2) min{B (xi+1)− B (xi) , B (xi+2)− B (xi)} ≥ µ2
͕શͯਅͰ͋ΔͳΒ͹ɼxi ΛX si ʹ୅ೖ͢Δɽ
3: end for
4: X si Λ {xs1, xs2, ..., xsl }ͱ͓͖ɼ
for i=1, 2, 3ʜl do
5: for j=1, 2, 3ʜk +m do
6: ΋͠ɼxj ∈ Smin, xj−1 xj−2 ∈ ξͰ͋Γɼ͞
Βʹɼ2ͭͷ৚݅
1) 250 ≤ xj − xsi ≤ 510
2) min{B (xj−1) , B (xj−2)} > B (xj)
͕શͯਅͰ͋Γɼxj ͷ਺͸ 1Ͱ͋ΔͳΒ͹ɼxj ΛX ei
ʹ୅ೖ͢Δɽ΋͠ɼxj ͷ਺͸ 1Ҏ্ͳΒɼͦΕΒͷ
ฏۉΛX ei ʹ୅ೖ͢Δɽ
7: end for
8: end for
9: X si ͱX ei ͷத͔ΒɼGOP۠ؒͷ୺఺ʹରԠͨ͠ϖΞʹ͍ͭͯɼ16000
Ҏ্ͷ༧ଌ 16× 8MB਺Λ΋ͭGOPͷ਺͕ 60ݸҎ্͋Ε͹ɼͦͷϖΞ
Λμϯεγʔϯͷ୺఺Ͱͱͯ͠ग़ྗ͢Δɽ
4.4.3 ఏҊख๏Λ༻͍ͨμϯεγʔϯݕग़ͷ࣮ݧ͓Αͼߟ࡯
4.3અͰ࢖༻ͨ͠ө૾σʔλΛར༻ͯ͠ఏҊख๏Λ༻͍ͯ༧උ࣮ݧΛ
ߦͬͨɼ݁Ռ͸ද 4.2ʹࣔ͢ɽ
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ө૾No. 1 2 3 4 5 6 7 8 9 10
϶࢝఺ +28 +53 +3, +16, x +20 +66 +75 -56 +13 -7 +16
϶ऴ఺ -40 +12 +55, +75, x +37 -26 -67 +31 +103 +28 -25
ද 4.2: BSplineΛ༻͍ͨμϯεγʔϯݕग़ͷ༧උ࣮ݧ݁Ռ.ℓ=30, w=0.8,
NB=50ɽ
ఏҊख๏Λ༻͍ͨ༧උ࣮ݧͷ݁ՌΛ؍࡯͢Δͱɼө૾ 3ʹରͯ͠ະݕ
ग़͕ൃੜͨ͠ɽະݕग़ͷө૾ຊ਺ʹ͍ͭͯ͸ɼฏ׈Խ z-είΞΞϧΰϦ
ζϜΛ༻͍࣮ͨݧͷ݁ՌʢҎԼैདྷख๏ʣΑΓগͳ͘ͳ͍ͬͯΔɽ
͞Βʹɼݕग़֎Εͷө૾͸ͳ͔ͬͨɽఏҊख๏Λݕূ͢ΔͨΊɺ΄͔
ͷ 10ຊͷμϯεγʔϯ͋ΓͷԻָ൪૊ө૾ʢө૾ͷ৘ใ͸ද 4.3ʹࣔ͢ʣ
Λ༻͍ͯຊ࣮ݧΛߦͬͨɽશͯͷө૾ʹ̍ͭͷμϯεγʔϯؚ͕·Εͯ
͍Δɽwͷ஋͸ 0.5 Ҏ্ͳΒɼେ͖ͳมԽ͕ग़ͳ͍ͨΊɼwΛ 0.8ʹઃఆ͠
ͨɽຊ࣮ݧͷ݁ՌΛද 4.4ʹܝ͛Δɽ
ө૾No. 1 2 3 4 5 6 7 8 9 10
GOP਺ 1352 1145 1795 1797 1269 1797 1729 1375 1557 1258
μϯεγʔϯ
ͷ۠ؒ
516
ʛ
892
661
ʛ
1042
1111
ʛ
1455
296
ʛ
614
935
ʛ
1256
107
ʛ
425
876
ʛ
1384
51
ʛ
420
276
ʛ
583
21
ʛ
474
ද 4.3: ఏҊख๏Λ༻͍ͨຊ࣮ݧ༻ͷө૾ͷ৘ใ
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ө૾Noɽ ℓʹ 30ɺNB ʹ 50 ℓʹ 40ɺNB ʹ 50 ℓʹ 30ɺNB ʹ 40
1 +66/-57 +34/+72 +53/+70
2 +39/-49 +10/+12 +24/-57
3 -79/+144 -11/+78
˚
-17/+49
4 -1/+130 -3/+134 +155/-97
5
˚
+36/+14
˚
+29/+24
˚
+31/+17
6 +107/-16
+107/-28
˚
+107/-96
˚
7 -20/-40 +11/-176 +61/-184
8 -6/+38 -6/+12 +15/+14
9 -15/+128
˚
+146/-95
˚
+154/-93
10 +21/-81 +21/-78 +21/-76
ද 4.4: BSplineΛ༻͍ͨμϯεγʔϯݕग़ͷຊ࣮ݧ݁Ռɽʠ˚ʡ͸μϯε
γʔϯͰͳ͍γʔϯΛμϯεγʔϯͱͯ͠ݕग़͞Εͨ͜ͱʢҎԼޡݕ
ग़ʣΛද͢ɽ
μϯεγʔϯΛݟಀ͞ͳ͍ͨΊɼޡࠩʹ͍ͭͯ͸ɼʠʵʡΑΓʠʴʡͷํ
͕ྑ͍ͱߟ͑ΒΕΔɽຊ࣮ݧͷ݁ՌΛݟΔͱɼℓʹ 30ɼNBʹ 40ͱɼℓʹ 40ɼ
NB ʹ 50ͷ࣮ݧʹ͓͍ͯɼө૾ 5ɺ6ɺ9ʹରͯ͠ޡݕग़͕ൃੜͨ͠. ℓʹ 30ɼ
NB ʹ 50ͷํʹ͸ɼө૾ 5ʹରͯ͠ޡݕग़͕ൃੜͨ͠ɽ
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ޡݕग़Λআ͍ͯͦΕͧΕͷޡࠩͷฏۉ͸ද 4.5ʹࣔ͢ɽ
ℓʹ 30ɺNB ʹ 50 ℓʹ 40ɺNB ʹ 50 ℓʹ 30ɺNB ʹ 40
࢝఺ +14.8 +33.8 +60.4
ऴ఺ +21.1 -4.5 -45.3
ද 4.5: BSplineΛ༻͍ͨμϯεγʔϯݕग़ͷຊ࣮ݧޡࠩͷฏۉ
ޡݕग़Λߟྀ͠ͳ͍৔߹ɼℓʹ 30ɼNB ʹ 50ͷํ͸ɼ࢝఺ޡࠩͷฏۉ͸
Ұ൪খ͘͞ɼऴ఺ޡࠩ͸ਖ਼਺Ͱ͋Δɽℓ=30ɼw=0.8ɼNB=50ͷํ͕ΑΓྑ
͍݁ՌΛಘΒΕΔ͜ͱ͕෼͔ͬͨɽ
ޡݕग़Λߟྀ͢Δ৔߹ʹ͸ɼ֤ख๏Λ༻͍ͨݕग़࣮ݧͷ݁ՌͷPrecisionɼ
Recallͱ F ஋ʹΑΓධՁ͢ΔɽͦΕͧΕͷఆٛ͸ҎԼʹͳΔɽ
• TPɿਖ਼͘͠ݕग़Ͱ͖ͨμϯεγʔϯͷGOP۠ؒ
• FPɿμϯεγʔϯͰͳ͍͕ɼݕग़ͯ͠͠·ͬͨGOP۠ؒ
• FNɿμϯεγʔϯͰ͋Δ͕ɼݕग़Ͱ͖ͳ͔ͬͨμϯεγʔϯͷGOP
۠ؒ
• PrecisionʢPʣʹ TPTP+FPɼRecallʢRʣ= TPTP+FN
• F = 2× P×RP+R
֤ख๏ʹ͓͍ͯɼ֤ө૾ͷ PrecisionɼRecallͱ F ஋ΛٻΊɼ10ຊͷө૾
ͷPrecisionɼRecallͱF ஋ͷฏۉΛऔͬͨɽͦΕͧΕͷฏۉ͸ද 4.6ʹࣔ͢ɽ
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ℓʹ 30ɺNB ʹ 50 ℓʹ 40ɺNB ʹ 50 ℓʹ 30ɺNB ʹ 40
Precisionͷฏۉ 78.2% 73.3% 66.8%
Recallͷฏۉ 90.8% 90.3% 83.7%
F ஋ͷฏۉ 0.83 0.78 0.72
ද 4.6: BSplineΛ༻͍ͨμϯεγʔϯݕग़ͷຊ࣮ݧ݁ՌͷPrecisionɼRecall
ͱ F ஋ͷฏۉ
ℓʹ 30ɼNB ʹ 50ͷํʹରͯ͠ɼℓʹ 40ɼNB ʹ 50ͷ݁ՌΛൺֱ͢Δͱɼ
Precision͸໿ 4.9%ɼRecall͸໿ 0.5%ɼF ஋͸໿ 0.05ߴ͍݁Ռ͕ಘΒΕͨɽ
ℓʹ 30ɼNBʹ 40ͷ݁ՌΛൺֱ͢ΔͱɼPrecision͸໿ 11.4%ɼRecall͸໿ 7.1%ɼ
F ஋͸໿ 0.11ߴ͍݁Ռ͕ಘΒΕͨɽޡݕग़Λߟྀ͢Δ৔߹ʹ΋ɼℓ=30ɼ
w=0.8ɼNB=50ͷํ͸ΑΓ༏ΕΔ݁ՌΛಘΒΕΔ͜ͱ͕෼͔ͬͨɽ
4.5 ఏҊख๏ͷվળʹ͍ͭͯ
4.5.1 վળํ๏
4.4અͰɼࣜʢ2ʣʹΑͬͯಘͨҠಈฏۉͷશͯͷ఺ྻΛ༻͍ͯੜ੒ͨ͠
BSplineۂઢ্ʹ͓͚Δ౳ִؒʹબΜͩҰఆ਺ͷग़ྗ఺Λར༻ͯ͠μϯε
γʔϯͷݕग़࣮ݧΛߦͬͨɽຊઅͰ͸ɼఏҊख๏ͷվળΛݕ౼͢ΔͨΊɼ
Ҡಈฏۉͷ෦෼఺ྻʢҎԼ PʣΛ༻͍ͯੜ੒ͨ͠BSplineۂઢ্ʹ͓͚Δ
౳ִؒʹબΜͩҰఆ਺ͷग़ྗ఺ʢNBʣΛར༻ͯ͠ 10ճͷμϯεγʔϯͷ
ݕग़࣮ݧΛߦͬͨɽ࣮ݧ༻ͷө૾͸ 4.4.3અͰ࢖༻ͨ͠ө૾Ͱ͋Δɽө૾ͷ
৘ใ͸ද 4.3ʹࣔ͢ɽ10ճͦΕͧΕͷख๏͸ҎԼͷํࣜ 1∼10ʹͳ͍ͬͯΔɽ
ํࣜ 1ɿ Ҡಈฏۉͷ 50ݸͷ఺ྻʢP = 50ʣΛ༻͍ͯੜ੒ͨ͠ BSplineۂઢ
্ʹ͓͚Δ౳ִؒʹબΜͩ 50ݸͷग़ྗ఺ʢNB = 50ʣΛར༻ͯ͠μ
ϯεγʔϯͷݕग़࣮ݧΛߦͬͨ
ํࣜ 2ɿ P = 50ɼNB = 300
ํࣜ 3ɿ P = 50ɼNB = 1000
ํࣜ 4ɿ P = 50ɼNB = 10000
ํࣜ 5ɿ P = 300ɼNB = 50
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ํࣜ 6ɿ P = 300ɼNB = 300
ํࣜ 7ɿ P = 300ɼNB = 1000
ํࣜ 8ɿ P = 300ɼNB = 10000
ํࣜ 9ɿ P = 700ɼNB = 50
ํࣜ 10ɿ P = 1000ɼNB = 50
෦෼఺ྻͷબͼํ͸ҎԼʹͳ͍ͬͯΔɽ͜͜ͰɼҠಈฏۉͷ௕͞Λ lm
ͱ͓͘ɽ
• 50ݸͷ఺ྻ Piɼi = 1, ..., 50ɿ
P i =
⎧⎪⎨⎪⎩
1 + int( l−248 )× (i− 1) i = 1, 2..., 49
lm i = 50
• 300ݸͷ఺ྻ Piɼi = 1, ..., 300ɿ
P i =
⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
1 + int( lm−1299 )× (i− 1) i = 1, 2..., 249
int(
lm−1
299 +1
50 )× (i− 250) + (1 + int( lm−1299 )× 249) i = 250, 252, ..., 299
lm i = 300
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• 700ݸͷ఺ྻ Piɼi = 1, ..., 700ɿ
P i =
⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
1 + int( lm−1699 )× (i− 1) i = 1, 2..., 599
int(
lm−1
699 +1
100 )× (i− 600) + (1 + int( lm−1699 )× 599) i = 600, 601, ..., 699
lm i = 700
• 1000ݸͷ఺ྻ Piɼi = 1, ..., 1000ɿ
P i =
⎧⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎩
1 + int( lm−1999 )× (i− 1) i = 1, 2..., 799
int(
lm−1
999 +1
200 )× (i− 800) + (1 + int( lm−1999 )× 799) i = 800, 601, ..., 999
lm i = 1000
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ํࣜ 1∼5ͷ݁Ռ͸ද 4.7ʹࣔ͠ɼํࣜ 6∼18ͷ݁Ռ͸ද 4.8ʹࣔ͢ɽ
ද 4.7: ํࣜ 1∼5ͷ݁Ռ
28
ද 4.8: ํࣜ 6∼10ͷ݁Ռ
ද 4.7ɼද 4.8ΛݟΔͱɼ࢖༻ͨ͠Ҡಈฏۉ෦෼఺ྻͷ਺͕౳͍͠৔߹ɼ
BSplineۂઢͷग़ྗ఺Λ૿΍͢ͱɼݕग़͞Εͨμϯεγʔϯ࢝఺ͱऴ఺ͷ
ޡ͕ࠩখ͘͞ͳΔ܏޲ʹ͋ΔɽҰํɼBSplineۂઢͷۃখ஋ͷ਺͕ଟ͘ͳ
ΔͨΊɼޡݕग़΋ଟ͘ͳΔɽ
ޡݕग़ͷ࡟ݮʹ͍ͭͯ͸ɼఏҊख๏ͷ݁Ռʹޡݕग़͕গͳ͍ͨΊɼఏ
Ҋख๏ͷ݁ՌΛج४ʹͯ͠ɼ֤ө૾ʹରͯ͠ɼ֤ํࣜΛ༻͍ͯಘͨ݁Ռ
͔ΒɼఏҊख๏ͷ݁Ռͱ࠷΋͍ۙ݁Ռʢࠩ෼͕࠷΋খ͍݁͞ՌʣΛμϯ
εγʔϯ۠ؒͱͯ͠ग़ྗ͢Δ͜ͱΛఏҊ͢Δɽ֤ํࣜͷޡݕग़ΛݮΒ͠
ͨ݁Ռ͸ද 4.9ͱද 4.10ʹࣔ͢ɽ
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ද 4.9: ޡݕग़ΛݮΒͨ͠ํࣜ 1∼5ͷ݁Ռ
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ද 4.10: ޡݕग़ΛݮΒͨ͠ํࣜ 6∼10ͷ݁Ռ
4.5.2 վળ֤ͨ͠ํࣜʹର͢ΔධՁ
֤ํࣜΛධՁ͢ΔͨΊʹɼө૾ 5ʹରͯ͠ɼଟ͘ͷํࣜͰ͸େ͖ͳޡ
͕ࠩग़ͨͨΊɼө૾ 5Λআ͍ͯɼ4.4અͰͷఏҊख๏Ͱ͋Δ ℓ=30ɼw=0.8ɼ
NB=50ʢҎԼఏҊख๏ʣΛؚΊ֤ͯํࣜͱɼޡݕग़ΛݮΒ֤ͨ͠ํࣜΛ
༻͍ͨݕग़݁Ռʹ͓͚Δ 10ຊө૾ͷ F ஋ͷฏۉΛऔͬͨɽ݁Ռ͸ද 4.11ɼ
ද 4.12ʹࣔ͢ɽ
ද 4.11: ֤ํࣜͷ F ஋ͷฏۉ I
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ද 4.12: ֤ํࣜͷ F ஋ͷฏۉ II
ද 4.11ɼද 4.12ΛݟΔͱɼํࣜ 3ͱํࣜ 4ͷݕग़݁Ռ͕΄ͱΜͲಉ͡Ͱ
͋ΔͨΊɼF ஋ͷฏۉ΋ಉ͡Ͱ͋Δɽ·ͨɼํࣜ 1 ∼ 10ͷޡݕग़͕ଟ͍ͨ
ΊɼఏҊख๏ͷ F ஋ͷฏۉ͸΄͔ͷํࣜΑΓߴ͍ɽҰํɼఏҊख๏ͷ݁
ՌΛج४ʹͯ͠ํࣜ 1 ∼ 10ͷޡݕग़ΛݮΒͨ͠ޙͷ F ஋ͷฏۉ͕ஶ͘͠
্͕ͬͨɽͱ͘ʹɼํࣜ̎ɼํࣜ 3ɼํࣜ 4ɼํࣜ 5ɼํࣜ 8ɼํࣜ 9ͷ F ஋ͷ
ฏۉ͸ఏҊख๏ΑΓߴ͘ͳͬͨɽ
4.5.3 ݕग़͞Εͨμϯεγʔϯͷ࢝఺ͱऴ఺ʹର͢ΔධՁ
Ϣʔβʔʹͱͬͯɼݕग़͞Εͨμϯεγʔϯͷ࢝఺ͱऴ఺ʹର͢Δڐ
༰෯͸ͦΕͧΕʹͳΔͨΊɼຊઅͰ͸ɼڐ༰෯ dΛ 10 GOPɼ15 GOPɼ20
GOP ʹઃఆ͠ɼTPR͓Αͼ FPRʹΑΔఏҊख๏ɼํࣜ̎ɼํࣜ 3ɼํࣜ
5ɼํࣜ 8ɼํࣜ 9Λ༻͍ͯݕग़͞Εͨͷ࢝఺ͱऴ఺ͷධՁΛߦ͏ɽTPR͓
Αͼ FPRͷఆٛ͸ද 4.13ʹࣔ͢ɽ͜͜ͰɼμϯεγʔϯΛؚΉө૾͸ 4.3
અͱ 4.4અͷ࣮ݧͰ࢖༻ͨ͠ 20ຊͷө૾Ͱ͋ΔɽμϯεγʔϯΛؚ·ͳ
͍ө૾͸࠶ੜ࣌ؒ͸ 10෼ ∼ 15෼ͱͳΔ 20ຊͷμϯεγʔϯͳ͠ͷԻָ
൪૊ө૾Ͱ͋Δɽ
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ද 4.13: TPR͓Αͼ FPRͷఆٛ
֤ dʹରͯ͠ɼ֤ํࣜΛ༻͍ͯݕग़͞Εͨ݁Ռͷ࢝఺ͱऴ఺ͷ TPRͱ
FPR͸ද 4.11ɼද 4.12ɼද 4.13ʹࣔ͢ɽ
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ද 4.14: dʹ 10ͷ TPRͱ FPR
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ද 4.15: dʹ 15ͷ TPRͱ FPR
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ද 4.16: dʹ 20ͷ TPRͱ FPR
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ද 4.11ɼද 4.12ɼද 4.13ΛݟΔͱɼఏҊख๏Ͱ͸ɼ1ຊͷμϯεγʔϯͳ
͠ͷԻָ൪૊ө૾ʹରͯ͠ɼμϯεγʔϯͷݕग़͕ൃੜͯ͠͠·ͬͨɽݪ
Ҽͱͯ͠͸ɼݕग़͞Εͨγʔϯ͸όϯυͷύϑΥʔϚϯεͰ͋Γɼָث
Λԋ૗͢Δࡍʹɼग़ԋऀͷશ਎ͷಈ͖͕ܹ͍ͨ͠Ίɼൃੜͨ͠ 16× 8MB
͸ଟ͘ͳΓɼμϯεγʔϯͷ 16× 8MBͷಛ௃ʹࣅ͍ͯΔ͜ͱͰ͋Δͱߟ
͑ΒΕΔɽ
ද 4.11ɼද 4.12ɼද 4.13ʹ͓͚Δ࢝఺ͱऴ఺ͷTPRͱFPRʹରͯ͠ɼFPR
Λԣ࣠ͱ͠ɼTPRΛॎ࣠ͱ͢Δࢄ෍ਤͰදݱͨ͠ɽ֤ dʹରͯ͠ɼ࢝఺
ͷࢄ෍ਤ͸ਤ 4.3ʹࣔ͠ɼऴ఺ͷࢄ෍ਤ͸ਤ 4.4ʹࣔ͢ɽ
ਤ 4.3: ࢝఺ͷࢄ෍ਤ
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ਤ 4.4: ऴ఺ͷࢄ෍ਤ
ʢFPRɼTPRʣ͸ʢ0ɼ1ʣʹ͚ۙͮ͹ۙͮ͘΄ͲɼμϯεγʔϯΛؚ·
ͳ͍Իָ൪૊ө૾ʹରͯ͠ޡݕग़͸গͳ͘ɼμϯεγʔϯΛؚΉԻָ൪
૊ө૾ʹରͯ͠ݕग़఺͕ڐ༰ൣғʹೖ͍ͬͯΔө૾͸ଟ͍ͱݴ͑Δɽਤ
4.3ͱਤ 4.4ΛݟΔͱɼऴ఺ΑΓ࢝఺ͷํ͸ TPR͕ߴ͍ɽݪҼͱͯ͠͸ɼ
BSplineۂઢʹΑΔμϯεγʔϯΛݕग़͢Δख๏Ͱ͸ɼऴ఺Λݕग़͢Δࡍ
ʹɼ֘౰ͷBSplineۂઢͷۃখ஋ͷฏۉΛऔ͍ͬͯΔͨΊɼਫ਼౓͕མͪΔ
ͱߟ͑ΒΕΔɽ·ͨɼd͕େ͖͘ͳΔͱɼ࢝఺ͱऴ఺ͷ TPR͕ߴ͘ͳΔ
͕ɼڐ༰ൣғ͸޿͘ͳΓɼϢʔβʔମݧ͕ྼԽ͢Δɽdʹ 20ͷ৔߹ɼ10ඵ
ͷڐ༰෯Ͱ͋Γɼશͯͷํࣜʹରͯ͠ɼ࢝఺ͷ TPR͸ 0.40Ҏ্Ͱ͋Δɽͱ
͘ʹɼํࣜ 2ͱํࣜ 3Ͱ͸ɼʢFPRɼTPRʣ͸ʢ0ɼ0.45ʣͰ͋Γɼ΄͔ͷํࣜ
ͱൺֱ͢ΔͱɼΑΓ༏ΕΔ݁ՌΛಘͨɽ
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ୈ5ষ ಛఆμϯεγʔϯͷݕࡧ
ຊষͰ͸ɼจݙ [3]ͷఏҊख๏Λ༻͍ͯख࡞ۀͰऔΓग़ͨ࢝͠఺͓Αͼ
ऴ఺ͷޡࠩͷͳ͍ෳ਺ͷμϯεγʔϯ͔ΒݕࡧΩʔͱಉҰμϯεγʔϯ
ͷݕࡧ࣮ݧ͓Αͼ݁Ռʹ͍ͭͯड़΂Δɽ·ͣɼ5.1અͰจݙ [3]ͷఏҊख๏
Ͱ͋Δ 3Dॏ৺ۂઢʹΑΔಈ࡞ಈըͷݕࡧख๏ʹ͍ͭͯड़΂Δɽ5.2અͰ
จݙ [3]ͷఏҊख๏ʹج͍ͮͯෳ਺ͷμϯεγʔϯ͔ΒݕࡧΩʔͱಉҰ
μϯεγʔϯΛݕࡧ͢Δख๏ͱɼ࣮ݧ͓Αͼͦͷ݁Ռʹ͍ͭͯड़΂Δɽ
5.1 3Dॏ৺ۂઢʹΑΔಈ࡞ಈըͷݕࡧ
จݙ [3]Ͱ͸ɼ3Dॏ৺ۂઢʹΑΔಈ࡞ಈըͷݕࡧͷྲྀΕ͸ҎԼʹͳͬͯ
͍Δɽ
Step1. ಈըͷ֤ϑϨʔϜຖʹ 16× 8, 8× 16, 8× 8ըૉͷMBͷग़ݱ࠲ඪͱɼ
ͦΕΒͷMB্Ͱൃੜͨ͠ಈ͖ϕΫτϧͷ࢝఺ɾऴ఺࠲ඪΛऔಘ͢
Δɽ·ͨɼ֤MBͷࢀরϑϨʔϜ͕ͲͷϑϨʔϜͰ͋Δ͔ͷ৘ใ΋
औಘ͢Δɽ
Step2. 3DϞσϧιϑτ [15]ͷࡾ࣍ݩ্ۭؒʹ͓͍ͯɼx࣠ɼz࣠͸ϑϨʔ
Ϝը૾಺ͷ࠲ඪͱ͠ɼy࣠͸࣌ؒ࣠ (ϑϨʔϜ൪߸)ͱ͢Δ͜ͱͰɼಈ
ը֤ϑϨʔϜͷ 16× 8, 8× 16, 8× 8ըૉͷMB͸ཱํମͷΦϒδΣΫ
τɼಈ͖ϕΫτϧ͸ԁபͷΦϒδΣΫτͱͯ֘͠౰࠲ඪʹઃஔ͢Δɽ
Step3. ̍ͭͷϑϨʔϜʹѹॖූ߸ԽύϥϝʔλͷΦϒδΣΫτ܈ͷॏ৺
ΛٻΊΔ࡞ۀΛશͯͷϑϨʔϜͰߦ͏ɽ
Step4. ֤ϑϨʔϜͷॏ৺ΛઢܗิؒͰܨ͍͛ͨۂઢΛٻΊΔɽ
Step5. ݕࡧΩʔಈըͷ࣌ܥྻॏ৺࠲ඪσʔλͱɼݕࡧର৅ಈըͷ࣌ܥྻ
ॏ৺σʔλಉ࢜Ͱ૬ޓ૬ؔؔ਺ΛٻΊΔ͜ͱʹΑΓɼ۠ؒ͝ͱʹ྆
σʔλؒͷڑ཭ΛٻΊΔɽ
ݕࡧΩʔಈըΛ fɼݕࡧର৅ಈըΛ gɼݕࡧΩʔಈըͷϑϨʔϜ਺Λ
39
nɼݕࡧର৅ಈըͷϑϨʔϜ਺ΛNɼεϥΠυͤ͞Δ਺Λ iͱ͢Δͱɼ
ݕࡧΩʔಈըͱݕࡧର৅ಈըͷ૬ޓ૬ؔؔ਺͸ҎԼͷΑ͏ʹͳΔɽ
F (i) =
∑n−1
t=0
(fx(t)−gx(t+i))2+(fy(t)−gy(t+i))2
2 −n×f ∗gi (i = 0, 1, ..., N−n)ʢ11ʣ
͜͜Ͱɼ
f ∗ gi =
⎛⎝∑n−1t=0 fx(t)
n −
∑N−n
i=0
∑n−1
t=0 gx(t+i)
n
N−n+1
⎞⎠2+
⎛⎝∑n−1t=0 fy(t)
n −
∑N−n
i=0
∑n−1
t=0 gy(t+i)
n
N−n+1
⎞⎠2
2
ʢ12ʣ
5.2 μϯεγʔϯө૾ͷ3Dॏ৺ۂઢͷ؍࡯
ԻָTV൪૊ʹ͓͚Δμϯεγʔϯө૾ͷઌ಄ͷ 6ඵ ∼ 17ඵʹ͓͍ͯɼ
ग़ԋऀ͕ਅਖ਼໘͔ΒөΓɼΧϝϥͷಈ͖͕গͳ͍ͱ͍͏܏޲ʹ͋ΔͨΊɼ
ಉҰμϯεγʔϯͰ͋Δ̎ͭͷө૾ͷઌ಄γʔϯͷ 3Dॏ৺ۂઢʹ͓͍
ͯɼڞ௨఺͕͋Δͱߟ͑ΒΕΔɽμϯεγʔϯө૾ͷ 3Dॏ৺ۂઢΛ࡞Δ
ࡍʹɼ෣୆ͷഎܠͱΧϝϥϫʔΫʹΑΓൃੜͨ͠ಈ͖ϕΫτϧͷӨڹΛ
ݮΒͨ͢Ίɼ5.1અ Step1ʹ͓͚ΔMB͸ɼݻఆͨ͠ൣғ಺Ͱ͋Δ͔ͭҰఆ
αΠζҎ্ͷಈ͖ϕΫτϧ͕ൃੜͨ͠MBΛݶఆͨ͠ɽਤ 5.1ʹը໘্ʹ
ݻఆ͞ΕͨൣғͷྫΛࣔ͢ɽ
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ਤ 5.1: ը໘ʢࠇ࿮ʣ্ʹݻఆ͞Εͨൣғʢ྘࿮Ͱғ·Εͨ෦෼ʣͷྫ
ຊઅͰ͸ɼ6ຊͷμϯεγʔϯө૾Λར༻ͯ͠ɼݶఆͨ͠MBͱͦΕΒ
ͷMB্Ͱൃੜͨ͠ಈ͖ϕΫτϧͷ৘ใΛ༻͍ͯੜ੒ͨ͠μϯεγʔϯө
૾ͷ 3Dॏ৺ۂઢΛ؍࡯ͨ͠ɽ͜͜Ͱɼ6ຊͷө૾͸ख࡞ۀͰऔΓग़ͨ͠
࢝఺ͱऴ఺ͷޡࠩͷͳ͍μϯεγʔϯө૾Ͱ͋Γɼ̏ͭͷϖΞ͔ΒͳΔɽ
ͦͷதʹɼө૾ 1ͱө૾ 2͸ಉҰμϯεγʔϯʢৼΓ෇͚ʣͰ͋Γɼө૾ 3
ͱө૾ 4͸ಉҰμϯεγʔϯͰ͋Δ͕ɼө૾ 5ͱө૾ 6͸ಉҰμϯεγʔ
ϯͰ͋ΔɽͦΕͧΕͷϖΞͱ͢Δ̎ͭͷμϯεγʔϯө૾ʹରͯ͠ɼৼ
Γ෇͚͸ಉҰͰ͋Δ͕ɼ෣୆ͷഎܠɼর໌ɼΧϝϥϫʔΫͱग़ԋऀͷҥ૷
ͦΕͧΕ͸ҟͳ͍ͬͯΔɽ6ຊͷμϯεγʔϯө૾ͷ৘ใ͸ද 5.1ʹࣔ͢ɽ
μϯεγʔϯө૾No. 1 2 3 4 5 6
ϑϨʔϜ਺ 4792 4995 5570 6980 5599 5657
ۂ NO WAY MAN U.S.A your song
ग़ԋऀ AKB48 DA PUMP ཛྷ
൪૊ ͏ͨίϯ Mες ߚന Mες Mες Mες
ද 5.1: 6ຊͷμϯεγʔϯө૾ͷ৘ใ
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6ຊͷμϯεγʔϯө૾ͷઌ಄ͷ 500ϑϨʔϜ͔Βੜ੒ͨ͠ 3Dॏ৺ۂઢ
ͷ؍࡯Λߦ͏ɽੜ੒ͨ͠ 3Dॏ৺ۂઢ͸ਤ 5.2ɼਤ 5.3ɼਤ 5.4ɼਤ 5.5ɼਤ 5.6ɼ
ਤ 5.7ʹࣔ͢.
ਤ 5.2: ө૾ 1ͷ 3Dॏ৺ۂઢ ਤ 5.3: ө૾ 2ͷ 3Dॏ৺ۂઢ
ਤ 5.4: ө૾ 3ͷ 3Dॏ৺ۂઢ ਤ 5.5: ө૾ 4ͷ 3Dॏ৺ۂઢ
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ਤ 5.6: ө૾ 3ͷ 3Dॏ৺ۂઢ ਤ 5.7: ө૾ 4ͷ 3Dॏ৺ۂઢ
ਤ 5.2ͱਤ 5.3ΛݟΔͱɼy࠲ඪ͸໿ 50Ͱ͋Δͱ͜Ζʹۂઢ্͕ঢ͠ɼ໿
200ͷͱ͜ΖʹԼ޲͢Δڞ௨఺͕͋Δɽਤ 5.3ͱਤ 5.4ΛݟΔͱɼy࠲ඪ͸
໿ 150Ͱ͋Δͱ͜Ζʹۂઢ্͕ঢ͠ɼ໿ 320ͷͱ͜ΖʹԼ޲͢Δڞ௨఺͕
͋Δɽਤ 5.5ͱਤ 5.6ΛݟΔͱɼਤ 5.5ʹ͓͍ͯɼy࠲ඪ͸໿ 50Ͱ͋Δͱ͜Ζ
ʹۂઢ্͕ঢ͠ɼ໿ 280ͷͱ͜ΖʹԼ޲͍ͯ͠Δɽਤ 5.6ʹ͓͍ͯɼy࠲ඪ
͸໿ 100Ͱ͋Δͱ͜Ζʹۂઢ্͕ঢ͠ɼ໿ 280ͷͱ͜ΖʹԼ޲͍ͯ͠Δɽ
5.3 ಛఆμϯεγʔϯݕࡧͷखॱ
ಛఆμϯεγʔϯΛݕࡧ͢ΔࡍɼݕࡧΩʔʹ͍ͭͯ͸ɼطଘͷμϯε
γʔϯͷઌ಄ͷ nຕϑϨʔϜ͔ΒͳΔಈըΫϦοϓΛݕࡧΩʔͱ͢Δɽ
จݙ [3]ͷఏҊख๏ʹج͍ͮͨಛఆμϯεγʔϯͷݕࡧखॱ͸ҎԼʹ
ͳ͍ͬͯΔɽಛఆμϯεγʔϯͷݕࡧखॱʹ͓͍ͯɼMBx͸MBͷ x࠲ඪ
Λද͠ɼMBy ͸MBͷ y࠲ඪΛද͢ɽ
Step1. ಈըͷ֤ϑϨʔϜຖʹɼ15 < MBx < 75 ∧ 10 < MBy < 70ͷൣғ಺
Ͱ͋Δ͜ͱ͔ͭMB্Ͱൃੜͨ͠ಈ͖ϕΫτϧͷαΠζ͸ 2Ҏ্Ͱ
͋Δ͜ͱΛຬͨ͢ 16× 8MBͷग़ݱ࠲ඪͱɼͦΕΒͷMB্Ͱൃੜ͠
ͨಈ͖ϕΫτϧͷ࢝఺ɾऴ఺࠲ඪΛऔಘ͢Δɽ·ͨɼ֤MBͷࢀর
ϑϨʔϜ͕ͲͷϑϨʔϜͰ͋Δ͔ͷ৘ใ΋औಘ͢Δɽ
Step2. 3DϞσϧιϑτͷࡾ࣍ݩ্ۭؒʹ͓͍ͯɼx࣠ɼz࣠͸ϑϨʔϜ
ը૾಺ͷ࠲ඪͱ͠ɼy࣠͸࣌ؒ࣠ (ϑϨʔϜ൪߸)ͱ͢Δ͜ͱͰɼಈ
ը֤ϑϨʔϜͷ 16× 8MB͸ཱํମͷΦϒδΣΫτɼಈ͖ϕΫτϧ͸
ԁபͷΦϒδΣΫτͱͯ֘͠౰࠲ඪʹઃஔ͢Δɽ
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Step3. ̍ͭͷϑϨʔϜʹѹॖූ߸ԽύϥϝʔλͷΦϒδΣΫτ܈ͷॏ৺
ΛٻΊΔ࡞ۀΛશͯͷϑϨʔϜͰߦ͏ɽ
Step4. ֤ϑϨʔϜͷॏ৺ΛઢܗิؒͰܨ͍͛ͨۂઢΛٻΊΔɽ
Step5. ֤ݕࡧΩʔಈըͷ࣌ܥྻॏ৺࠲ඪσʔλͱɼ΄͔ͷ 5ຊͷݕࡧର
৅ಈըͷ࣌ܥྻॏ৺σʔλಉ࢜Ͱ૬ޓ૬ؔؔ਺ΛٻΊΔ͜ͱʹΑ
Γɼ۠ؒ͝ͱʹ྆σʔλؒͷڑ཭ΛٻΊΔɽ
ݕࡧΩʔಈըΛ fɼݕࡧର৅ಈըΛ gɼݕࡧΩʔಈըͷϑϨʔϜ਺Λ
nɼݕࡧର৅ಈըͷϑϨʔϜ਺ΛNɼεϥΠυͤ͞Δ਺Λ nճͱ͢Δ
ͱɼࣜʢ11ʣ͸ҎԼͷΑ͏ʹͳΔɽ
F (i) =
∑n−1
t=0
(fx(t)−gx(t+i))2+(fy(t)−gy(t+i))2
2 − n× f ∗ gi(i=0,1,...,n-1) ʢ13ʣ
͜͜Ͱɼ
f ∗ gi =
⎛⎝∑n−1t=0 fx(t)
n −
∑n−1
i=0
∑n−1
t=0 gx(t+i)
n
n
⎞⎠2+
⎛⎝∑n−1t=0 fy(t)
n −
∑n−1
i=0
∑n−1
t=0 gy(t+i)
n
n
⎞⎠2
2 ʢ14ʣ
Step6. ̍ ͭ ͷ ݕ ࡧ Ω ʔ ʹ ର ͠ ͯ ɼࣜʢ13ʣʹ Αͬͯ ಘ ͨ ̑ ͭ ͷ F (i)ʢ
i = 0, 1, 2, ...nʣͷ݁Ռͷத͔Βɼ࠷΋খ͍͞࠷খ஋Λ΋ͭ F (i)ʹରԠ
͢Δμϯεγʔϯө૾͸ݕࡧΩʔͱಉҰμϯεγʔϯͰ͋Δ͜ͱ
Λ൑ఆ͢Δɽ
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5.4 ಛఆμϯεγʔϯݕࡧͷ࣮ݧ͓Αͼߟ࡯
ຊݚڀͰ͸ɼ5.3અͰड़΂ͨख๏Λ༻͍ͯɼಛఆμϯεγʔϯͷݕࡧΛ
ߦ͏ɽ࢖༻ͨ͠ө૾͸ 5.2અͰ࢖༻ͨ͠ 6ຊͷμϯεγʔϯө૾Ͱ͋Δɽ
ݕࡧΩʔ 1∼6ͦΕͧΕ͸ɼμϯεγʔϯө૾ 1∼6ͷલ nຕͷϑϨʔϜ͔
ΒͳΔಈըΫϦοϓʹରԠ͢Δɽ֤ݕࡧΩʔʹରͯ͠ɼࣜʢ13ʣʹΑͬͯ
΄͔ͷ 5ຊͷμϯεγʔϯө૾ͱͷ૬ޓ૬ؔؔ਺ΛٻΊͨɽݕࡧΩʔͷ
ϑϨʔϜ਺ nΛ 100ɼ150ɼ200ɼ250ɼ300ɼ400ɼ500ʹͯ͠ߦ࣮ͬͨݧͷF (i)ʢ
i = 0, 1, 2, ...nʣͷ݁ՌͦΕͧΕ͸ਤ 5.8ɼਤ 5.9ɼਤ 5.10ɼਤ 5.11ɼਤ 5.12ɼਤ
5.13ɼਤ 5.14ʹࣔ͢ɽ
֤ਤʹ͓͍ͯɼ(a)∼(f)͸ݕࡧΩʔ 1∼6ͱ΄͔ͷ̑ຊͷμϯεγʔϯө
૾ͷ૬ޓ૬ؔؔ਺ͷ݁ՌΛࣔ͢ɽ֤ (a)∼(f)ʹ͓͍ͯɼx࣠͸ iͰ͋Γɼy࣠
͸ F (i)Ͱ͋Γɼ֤৭ઢ͸֘౰ݕࡧΩʔͱ΄͔ͷ 5ຊμϯεγʔϯө૾ͷ
૬ޓ૬ؔؔ਺ͷંΕઢͰ͋Δɽ֤৭ઢʹରԠ͢Δμϯεγʔϯө૾൪߸
ͷ৘ใ͸ද 5.2ʹࣔ͢ɽ
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ਤ 5.8: n = 100ͷ F (i)
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ਤ 5.9: n = 150ͷ F (i)
47
ਤ 5.10: n = 200ͷ F (i)
48
ਤ 5.11: n = 250ͷ F (i)
49
ਤ 5.12: n = 300ͷ F (i)
50
ਤ 5.13: n = 400ͷ F (i)
51
ਤ 5.14: n = 500ͷ F (i)
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ද 5.2: ৭ઢͷ৘ใ
֤ nʹରͯ͠ɼF (i)ͷ࠷খ஋ʹΑΔ֤ݕࡧΩʔͱಉҰμϯεγʔϯͰ
͋Δͱ൑அ͞Εͨө૾ͷ൪߸͸ද 5.3ɼද 5.4ʹࣔ͢ɽද 5.3ͱද 5.4ʹ͓͚
Δ 1 ∼ 6ͷ൪߸͸ 6ຊͷμϯεγʔϯө૾ͷ൪߸ʹରԠ͢Δɽ੺਺ࣈ͸ਖ਼
͘͠ݕࡧͰ͖ͨ͜ͱΛද͢ɽ
ද 5.3: F (i)ͷ࠷খ஋ʹΑΔݕࡧ͞Εͨ݁Ռ I
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ද 5.4: F (i)ͷ࠷খ஋ʹΑΔݕࡧ͞Εͨ݁Ռ II
ද 5.3ͱද 5.4ΛݟΔͱɼn = 200ͷ৔߹ɼݕࡧΩʔ 1ͱμϯεγʔϯө૾
2ɼݕࡧΩʔ 4ͱμϯεγʔϯө૾ 3ɼݕࡧΩʔ 5ͱμϯεγʔϯө૾ 6ɼݕ
ࡧΩʔ 6ͱμϯεγʔϯө૾ 5͕ಉҰμϯεγʔϯͰ͋Δ͜ͱΛ൑ఆͰ
͖ͨɽҰํɼݕࡧΩʔ 2ͱμϯεγʔϯө૾ 3ɼݕࡧΩʔ 3ͱμϯεγʔ
ϯө૾ 5͕ಉҰμϯεγʔϯͰ͋Δ͜ͱΛ൑ఆͯ͠͠·͍ɼޡ൑Ͱ͋ͬ
ͨɽn = 200ͷ৔߹͕ΑΓଟ͘ͷਖ਼͍݁͠Ռ͕ಘΒΕͨҰํͰɼn = 400ͷ
৔߹͸̎ͭͷਖ਼͍݁͠Ռɼn = 500ͷ৔߹͸ 1͚ͭͩͷਖ਼͍݁͠Ռ͕ಘΒ
ΕͨɽͦΕ͸ n͕େ͖͘ͳΔͱɼΧϝϥϫʔΫΛ࢖༻ͨ͠ճ਺΋૿͑ͯɼ
ग़ԋऀͷશ਎ͷಈ͖৘ใΛऔΓʹ͘͘ͳΔͨΊͰ͋Δͱߟ͑ΒΕΔɽ·
ͨɼn͕খ͘͞ͳΔͱɼग़ԋऀͷಈ͖৘ใ͕গͳ͍ͨΊɼ൑ఆ͢Δͷ͸
ࠔ೉Ͱ͋Δͱߟ͑ΒΕΔɽ
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ୈ6ষ ·ͱΊ
6.1 ·ͱΊ
ຊݚڀͰ͸ɼԻָTV൪૊ʹ͓͚ΔಛఆμϯεγʔϯͷݕࡧγεςϜ
Λߏங͢Δʹ͸ɼμϯεγʔϯͷݕग़ͱಛఆμϯεγʔϯͷݕࡧ࣮ݧΛ
ߦ͍ɼධՁΛͨ͠ɽ
ѹॖಈըʹ͓͚ΔμϯεγʔϯͰ͸ɼ༧ଌ 16 × 8MB ͕ൃੜ͠΍͘͢ɼ
μϯεγʔϯͷ࢝·ΓͱऴΘΓͷGOP൪߸ʹ͓͍ͯɼٸܹͳ 16× 8MB਺
ͷมԽ͕ൃੜ͢Δ܏޲͕͋ΔͨΊɼμϯεγʔϯͷݕग़࣮ݧͰ͸ɼฏ׈
Խ z-είΞΞϧΰϦζϜͷҠಈฏۉ෦෼ͱɼBSplineۂઢΛ૊Έ߹ΘͤΔ
͜ͱʹΑͬͯμϯεγʔϯͷݕग़ΛͰ͖ͨɽ4.4અͰͷఏҊख๏Ͱ͋Δ
ℓ=30ɼw=0.8ɼNB=50ͷํ๏Λ༻͍࣮ͨݧ݁ՌͷF ஋ͷฏۉ͕ 0.83ͱͳΔɽ
ఏҊख๏ͷվળํ๏ʹ͍ͭͯɼఏҊख๏Λ༻͍ͯಘͨμϯεγʔϯݕࡧ
ͷ݁ՌΛج४ʹͯ͠ɼվળํ๏ͷޡݕग़ΛݮΒ্ͨ͠ͰɼҠಈฏۉͷ 50
ݸͷ఺ྻΛ༻͍ͯੜ੒ͨ͠ BSplineۂઢ্ʹ͓͚Δ౳ִؒʹબΜͩ 1000
ݸͷग़ྗ఺Λར༻ͯ͠μϯεγʔϯͷݕग़ख๏Ͱ͸ɼF ஋ͷฏۉ͕ 0.88
ͱͳΓɼΑΓྑ͍݁Ռ͕ಘΒΕͨɽ
ಛఆμϯεγʔϯͷݕࡧ࣮ݧͰ͸ɼจݙ [3]ͰఏҊख๏ʹج͖ͮɼ3Dॏ
৺ۂઢΑΓಛఆμϯεγʔϯͷݕࡧΛߦͬͨɽ6ຊͷμϯεγʔϯө૾
Λݕࡧର৅ͱͯ͠ɼͦΕͧΕͷө૾ͷલ 200ϑϨʔϜ͔ΒͳΔಈըΫϦο
ϓΛݕࡧΩʔͱ͢Δ৔߹ɼͦͷதͷ̐ͭͷݕࡧΩʔʹରͯ͠ɼಉҰμϯ
εγʔϯͰ͋Δө૾ΛݕࡧͰ͖ͨɽ
ຊݚڀΛ௨ͯ͠ɼѹॖಈըͷූ߸ԽύϥϝʔλΛಛ௃ྔͱ͠ɼ෮߸Խ
ΛͤͣʹԻָϥΠϒ൪૊͔Βμϯεγʔϯͷݕग़͕ՄೳͰ͋Δ͜ͱ͕Θ
͔ͬͨɽ·ͨɼಛఆμϯεγʔϯͷݕࡧʹ͍ͭͯ͸ɼݕࡧΩʔͱ͢Δಈ
ըΫϦοϓͷ͓۠ؒΑͼ௕͞Λม͑Δ͜ͱʹΑͬͯɼݕࡧੑೳΛ্ճΔ
͜ͱ͕ظ଴Ͱ͖Δɽ
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6.2 ࠓޙͷ՝୊
μϯεγʔϯͷݕग़࣮ݧͰ͸ɼೖྗ఺ྻͷݸ਺ͱग़ྗ఺ྻͷ఺਺Λม
ߋ͢ΔͱΑΓྑ͍݁ՌΛಘΒΕΔ͜ͱ͕෼͔͕ͬͨɼBSplineۂઢͷඍ෼
ۂઢΛ༻͍ͯ͞Βʹਫ਼౓Λ্͛Δ͜ͱ͕Ͱ͖Δͱߟ͑ΒΕΔͨΊɼࠓޙɼ
BSplineۂઢͷඍ෼ۂઢΛ࡞੒͠ɼඍ෼ۂઢʹΑΔμϯεγʔϯͷݕग़Λ
ݕ౼͍͖͍ͯͨ͠ɽ
ಛఆμϯεγʔϯͷݕࡧ࣮ݧͰ͸ɼ࢖༻ͨ͠ө૾͸ख࡞ۀͰऔΓग़͠
ͨ࢝఺ͱऴ఺ͷޡࠩͷͳ͍μϯεγʔϯө૾Ͱ͋ΔͨΊɼμϯεγʔϯ
ݕग़࣮ݧͰݕग़͞Εͨө૾ͷϚονϯάʹରԠͰ͖ͳ͍ɽ̍ͭͷμϯε
γʔϯͰ͸ɼಛ௃తͳৼΓ෇͚͕ग़ΔࡍʹɼΧϝϥ͕੩ࢭ͍ͯ͠ΔՄೳ
ੑ͕͔ͳΓେ͖͍ɽͦ͜ͰɼΧϝϥϫʔΫΛղੳ͢Δ͜ͱͰɼಛ௃తͳ
ৼΓ෇͚۠ؒΛൃݟ͠ɼμϯεγʔϯݕग़࣮ݧͰݕग़͞Εͨө૾ͱͷ
ϚονϯάΛऔΔ͜ͱ͕ࠓޙͷ՝୊Ͱ͋Δɽ
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ँࣙ
ຊݚڀͷ࣮ࢪ͓Αͼຊ࿦จͷ࡞੒ʹ͋ͨΓɼݚڀͷਐΉํ޲ɼࢿྉͷ
࡞੒ɼൃදͷ࢓ํɼ࿦จͷॻ͖ํͳͲ೤৺Ͱద੾ͳ͝ࢦಋɼ͝ॿݴΛԼ
ͬͨ͞৿ాܒٛઌੜʹ৺ΑΓײँக͠·͢ɽཹֶੜͰ͋Δࢲͷ࣭໰ʹର
ͯ͠ɼ͍ͭ΋Θ͔Γ΍͘͢આ໌͍͖ͯͨͩ͠ɼ৺ΑΓײܹக͠·͢ɽ
·ͨɼθϛ౳Ͱൃදͷ࢓ํͳͲ͝ॿݴΛࣀΓ·ּͨ͠Ҫ༟೭ઌੜɼݚ
ڀࣨ಺ͷ༷ʑͳ͓ੈ࿩Λͯͩͬͨ͘͠͞ࣄ຿ͷยۅ͞Μʹਂ͘ޚྱਃ͠
্͛·͢ɽ
࠷ޙʹɼଟ͘ͷΞυόΠεɼྭ·͠ݴ༿Λ͍͍ͨͩͨ৿ాݚڀࣨɼּ
Ҫݚڀࣨͷֶੜͷօ༷ɼઌߦݚڀΛࢀߟʹͤͯ͞௖͍ͨઌഐɾݚڀऀͷ
օ༷ʹਂ͘ײँக͠·͢ɽ
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